Introduction
Patients with cancer or hematopoietic malignancy have a high risk of developing thrombotic diseases, such as venous thromboembolism (VTE) (1) or disseminated intravascular coagulation (DIC) (2) . These risks vary according to the type of malignancy and stage of disease, and are steadily in-creased by concomitant patient-related thrombotic risk factors, such as an advanced age, infection, heart disease, respiratory disease, hospitalization and surgical or nonsurgical cancer treatment (3, 4) . The association between thrombotic conditions and malignant disease is known as Trousseau's syndrome, which has multiple definitions and mechanisms (5) . The hyperexpression or release of tissue factor (TF) is one of the most important factors for the develop- (6, 7) . The presence of thrombosis is sometimes fatal and can disturb the quality of life among patients with cancer and leukemia. Therefore, providing thromboprophylaxis is important for these patients (8) . As there are many patients with cancer and leukemia, all patients cannot be treated with anticoagulants. Therefore, it is necessary to assess the presence of hypercoagulability in patients with malignant diseases, and only patients with hypercoagulability and those at high risk for thrombosis should be treated with anticoagulants. The plasma levels of fibrin-related markers (FRMs), such as D-dimer, fibrinogen and fibrin degradation products (FDPs) and soluble fibrin (SF), are useful for diagnosing thrombosis and have been reported to be elevated in patients with deep vein thrombosis (DVT)/pulmonary embolism [PE; (9, 10) and DIC (10, 11) . An unlikely pretest probability in combination with a negative D-dimer test has been reported to be able to safely rule out DVT in Europe and North America (12) . The cut-off level for D-dimer as a negative predictor of DVT is reported to be less than 0.5 μg/ mL (13) . The plasma levels of D-dimer and SF may increase in cancer patients without thrombosis. Increasing the cut-off value of D-dimer in cancer patients has thus been reported to possibly increase the test's clinical usefulness (14) , while the combination of a low or unlikely Wells pretest probability with a negative D-dimer result can be used to rule out DVT in patients with cancer (15) .
The present study was designed to examine the incidence of thrombotic diseases in patients with malignant diseases and to evaluate the cut-off values of FRMs for thrombotic diseases. For this purpose, the FRM levels were assessed in 478 patients suspected of having thrombosis in comparison to those observed in 121 patients without malignant diseases.
Materials and Methods

Subjects
Between August 1, 2003 and July 31, 2010, 478 consecutive patients with advanced malignant diseases (median age: 65.0 years, 25-75% range: 55.0-72.3 years old, and sex: 200 women and 278 men) and 121 consecutive patients without malignant diseases (49.0 years; 37.0-63.0 years, 67 women and 54 men) were suspected of having some type of throm-bosis due to symptoms or abnormalities on laboratory tests ( Table 1 ). The malignant diseases consisted of 48 cases of hematopoietic malignancy, 52 cases of hepatic cell carcinoma, 99 cases of lung cancer, 26 cases of stomach cancer, 21 cases of uterine cancer, 98 cases of colon cancer, 24 cases of ovarian cancer, 13 cases of breast cancer, 16 cases of urinary tract cancer,18 cases of cancer of unknown origin, 18 cases of sarcoma, 14 cases of pancreatic cancer and 31 others. The cases without malignant diseases consisted of 42 cases of soft tissue tumors (STTs), 18 cases of bone tumors, 13 cases of thymoma, eight cases of fibroid tumors, seven cases of lipoma, seven cases of essential thrombocythemia (ET), five cases of neck tumors, five cases of schwannoma, three cases of angioma, two cases of ovarian tumors, two cases of meningioma and nine others. ET sometimes increases the levels of marked blast cells, resulting in a poor outcome; however, the seven ET patients had few blast cells in the peripheral blood, suggesting that they were in the chronic phase of the disease. None of the patients with ET had VTE and were treated with warfarin.
The plasma concentrations of D-dimer and soluble fibrin (SF) and the serum levels of fibrinogen and fibrin degradation products (FDP) were retrospectively examined in all patients and analysed in order to identify any correlations with the diagnosis of thrombosis. The study protocol was approved by the Human Ethics Review Committee of Mie University Hospital, and informed consent was obtained from all subjects. A total of 148 patients were diagnosed to have thrombosis, while 451 were not. No patients were examined after undergoing liver transplantation or within three days after an operation. DVT was diagnosed using echo or venography. PE was diagnosed using either ventilationperfusion lung scanning, computed tomography (CT) or pulmonary angiography. DIC was diagnosed according to the International Society on Thrombosis and Haemostasis (ISTH) overt-DIC diagnostic criteria (16) . Cerebral thrombosis was diagnosed on CT or magnetic resonance imaging (MRI).
The concentrations of SF, FDP and D-dimer were measured in the patients with thrombosis at the onset of disease and in those without thrombosis at the first consultation. The data were usually obtained before the administration of chemotherapy or anticoagulation therapy. In each case, the consultation was conducted within two days after the appearance of either symptoms or laboratory abnormalities. 
Measurement of the plasma concentrations of Ddimer and SF and the serum levels of FDP
The plasma and serum samples were obtained and analyzed within four hours. The plasma D-dimer levels were measured with LPIA-ACE D-dimer (Mitsubishi Chemical Medience Corporation, Tokyo, Japan) using JIF-23 monoclonal antibodies. JIF-23 monoclonal antibodies, which recognize the plasmin-digested N-terminus of the γ chain on the D region, were used for latex aggregation (17) . The SF was also determined according to the latex agglutination method using IATRO SF (Mitsubishi Chemical Medience Corporation, Tokyo, Japan) containing the monoclonal antibody IF-43, which recognizes a segment of the fibrin Aα chain [(Aα-17-78) residue segment] exposed in the E region of the fibrin monomer (FM) when the FM molecule binds the D region of another FM or fibrinogen. The antibody was coated for the SF assay (10) . The serum FDP concentrations were measured according to the latex agglutination method using IATRO FDP (Mitsubishi Chemical Medience Corporation, Tokyo, Japan).
Statistical analysis
The data are expressed as the median (25% tile-75% tile). Differences between groups were examined for significance using the Mann-Whitney U test. A p-value of less than 0.05 was considered to indicate a significant difference. The usefulness of the D-dimer and SF levels in diagnosing thrombosis and DVT or PE was examined using a receiver operating characteristic (ROC) analysis (18) . The cut-off values were determined according to a ROC analysis. All statistical analyses were performed using the SPSS II software package (SPSS Japan, Tokyo, Japan).
Results
The frequency of thrombosis, including 62 cases of VTE, 63 cases of DIC and nine cases of cerebral thrombosis, was significantly higher in the patients with malignant diseases (134; 28.0%) than in the patients without malignant disease (14; 12.5%, p<0.001). No patients with VTE were compli-cated with DIC, and no patients with DIC were complicated with symptomatic VTE. In particular, the rate of complication with DIC was significantly higher in the patients with malignant diseases (63; 13.2%) than in the patients without malignant diseases (4; 3.6%, p<0.01) ( Table 1) . DIC was frequently detected in the patients with hepatic cell carcinoma, hematopoietic malignancy, stomach cancer, breast cancer and urinary tract cancer, while VTE was frequently observed in the patients with colon cancer, breast cancer, urinary tract cancer, uterine cancer, pancreatic cancer and ovarian cancer ( Table 2 ).
The levels of SF (4.9 μg/mL; 2.6-8.2 μg/mL vs. 2.9 μg/ mL; 0.8-5.1 μg/mL, p<0.001), FDP (11.6 μg/mL; 6.0-23.5 μg/mL vs. 4.1 μg/mL; 1.0-10.2 μg/mL, p<0.05), and Ddimer (4.7 μg/mL; 0.6-10.6 μg/mL vs. 0.6 μg/mL; 0.3-1.8 μg/mL, p<0.001) were significantly higher in the patients with malignant diseases than in those with benign diseases (Fig. 1-3 ). Among the patients with malignant diseases, the levels of SF (12.5 μg/mL; 7.1-29.9 μg/mL vs. 4.1 μg/mL; 1.9-6.2 μg/mL, p<0.001), FDP (22.0 μg/mL; 10.5-52.8 μg/ mL vs. 6.0 μg/mL; 1.7-11.2 μg/mL, p<0.001) and D-dimer (14.1 μg/mL; 8.1-23.2 μg/mL vs. 1.1 μg/mL; 0.5-6.6 μg/mL, p<0.001) were significantly higher in the patients with thrombosis than in those without thrombosis ( Fig. 1-3) . These markers were also significantly higher in the patients with DIC or VTE than in those without thrombosis, although only the D-dimer levels were significantly higher in the patients with DIC than in those with VTE (17.0 μg/mL; 9.0-30.2 μg/mL vs. 12.0 μg/mL; 7.1-17.4 μg/mL, p<0.05). The levels of SF were significantly higher in the patients with hepatic cell cancer, the levels of FDP were significantly higher in the patients with hepatic cell cancer, hematopoietic malignancy, ovarian cancer, breast cancer, urinary 6.0 (1.7-11.2) 1.1 (0.5-6.6) *; p<0.05, **; p<0.01, ***; p<0.001, in comparison to the FDP, SF and D-dimer levels in the non-thrombotic patients with malignant diseases tract cancer, sarcoma or pancreatic cancer and the levels of D-dimer were significantly higher in the patients with hepatic cell cancer, hematopoietic malignancy, uterine cancer, ovarian cancer, breast cancer, urinary tract cancer, sarcoma, pancreatic cancer or others in comparison to those observed in the non-thrombotic patients with malignant diseases (Table 3). In the ROC analysis, the areas under the curve (AUCs) for SF, FDP and D-dimer with respect to thrombosis, DIC and VTE were high ( Table 4 ). The adequate cut-off values of SF, FDP and D-dimer for thrombosis were 6.3 μg/ mL, 10.6 μg/mL and 7.4 μg/mL, respectively, which were slightly different from those observed for VTE and DIC. The odds ratios for SF and D-dimer were highest in the patients with DIC, while the odds ratio for VTE was higher in the patients with an elevated D-dimer level than in those with an elevated SF value. The 30-and 90-day mortality rates were significantly higher in the patients with thrombosis than in those without thrombosis ( Table 5 ). The mortality rate was markedly high in the patients with DIC and tended to be high in the patients with VTE or cerebral thrombosis. The plasma levels of SF and FDP were significantly higher in the 90-day non-survivors than in the 90-day survivors; however, the levels of D-dimer were not significantly different (Table 6 ).
Discussion
This study demonstrated a high frequency of thrombosis in patients with malignant diseases in comparison to those without malignant diseases, suggesting that a hypercoagulable state exists in patients with malignant diseases. An elevated TF expression has been reported in tumor cells and leukocytes obtained from patients with malignant diseases (2, 7) . Elevated TF activates coagulation factor VII thereby causing thrombosis. The difference in the frequency of DIC was significant between the patients with malignant diseases and those without malignant diseases; however, that of VTE was not. The patients with malignant diseases were significantly older than those without malignant diseases, indicating that the age of patients with malignant diseases may affect the onset of thrombosis (19) . However, the pathogenic mechanisms of DIC depend on the underlying disease, such as leukemia, solid cancer and sepsis (2, 7) . These findings suggest that DIC is primarily caused by a high expression of TF and plasminogen activator (20, 21) , while VTE is usually caused by hemostatic and several physical factors. Enhancement of both the coagulation and fibrinolysis systems may therefore play an important role in the onset of DIC in patients with malignant diseases (22) . Although no patients had both VTE and DIC, VTE and DIC have similar pathogenic mechanisms, such as an increased expression of TF.
In this study, the frequency of DIC was similar to that of VTE. VTE and DIC are the most important thrombotic complications in patients with malignant diseases, although their frequency depends on the stage and type of malignancy. DIC was frequently detected in the patients with hepatic cell carcinoma, hematopoietic malignancy, stomach cancer, breast cancer and urinary tract cancer, indicating similar findings to those of a questionnaire survey conducted by the Japanese Ministry Health and Welfare (7) . These types of malignancies may be associated with either a high TF level or organ failure, such as that due to liver dysfunction or infection (22) . VTE was frequently observed in the patients with colon cancer, breast cancer, urinary tract cancer, uterine cancer, pancreatic cancer and ovarian cancer. Colon cancer, uterine cancer, pancreatic cancer and ovarian cancer are not frequently associated with DIC, suggesting that the onset of most cases of VTE in patients with these types of malignant diseases depends on the condition of the host, including factors associated with surgery, anticancer agents, infections, etc. However, it is difficult to draw any valid conclusions due to the small number of subjects in the different subgroups, such as those with pancreatic cancer, breast cancer and ovarian cancer.
The levels of FRMs were significantly higher in the patients with malignant diseases than in those without malignant diseases, thus suggesting that both hypercoagulable and hyperfibrinolytic states exist in patients with malignant diseases (6, 7) . Elevated D-dimer levels have been reported in elderly individuals (23) , and many patients with malignant diseases are elderly, suggesting that the plasma D-dimer levels are slightly high in patients with malignant diseases. In addition, the plasma levels of D-dimer have been reported to be increased in patients with ascites (24) . Furthermore, in the present study, among the patients with malignant diseases, the levels of FRMs were significantly higher in the patients with thrombosis than in those without thrombosis, although only the D-dimer levels were significantly higher in the patients with DIC than in those with VTE. These findings indicate that secondary fibrinolysis is more significant in patients with DIC than in those with VTE and that the D-dimer level is a sensitive marker of secondary fibrinolysis. There have been many reports regarding the SF and D-dimer levels in patients with DIC and VTE (9, 10) . In this study, the levels of SF were significantly high only in the patients with Hepatocellular carcinoma (HCC), suggesting that an elevated SF level is caused by thrombosis rather than malignancy. Meanwhile, the levels of FDP and D-dimer were significantly high in the patients with various types of malignant diseases, suggesting that elevated FDP and Ddimer levels are caused by both thrombotic states and malignant diseases. Elevated levels of FRMs, such as D-dimer and SF, are also observed in patients under a hypercoagulable state (25) , such as those with DVT (26, 27) , DIC (28) or hyperlipidemia (29) . Therefore, it is important to determine the adequate cut-off values of FRMs for diagnosing thrombosis in patients with malignant diseases.
In the ROC analysis, the AUCs of the FRMs for the diagnosis of thrombosis were significantly high, suggesting that FRMs are useful for diagnosing thrombosis in patients with malignant or other diseases. The adequate cut-off values of SF, FDP and D-dimer for thrombosis were 6.3 μg/mL, 10.6 μg/mL and 7.4 μg/mL, respectively, although they were slightly different among the patients with thrombosis, DIC and VTE, indicating that FRMs are not useful for making the differential diagnosis between VTE and DIC. The cut-off value for SF is similar to that reported in previous studies (10) ; however, that for D-dimer was higher in the patients with malignant diseases than in those with other underlying diseases (approximately 4.0 μg/mL) (10) . The odds ratios of SF and D-dimer were highest in the patients with DIC, while the odds ratio for VTE was higher in the patients with an elevated D-dimer level than in those with an increased SF value; however, these odds ratios were not sufficiently high.
Regarding the limitations of this study, the number of patients was small, and there were various underlying and thrombotic diseases. Complications of thrombosis, particularly DIC, increase mortality. These findings are similar for sepsis (2, 7) and highlight the importance of diagnosing thrombosis in patients with malignant diseases. In this study, the SF and FDP levels were useful for predicting poor outcomes, whereas the D-dimer level was not, suggesting that evaluating the FDP level is useful for diagnosing DIC (2, 7), while evaluating the D-dimer level is useful for diagnosing VTE (10) .
In addition, this study was retrospective. The present study confirmed that measuring the FRMs levels is useful for making the diagnosis of thrombosis in patients with malignant diseases; however, the cut-off value for D-dimer used to diagnose thrombosis is high in comparison to that observed in patients with other underlying diseases.
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